Fusarium oxysporum highly produced a-L-fucosidase inductively in the culture broth when grown in a medium containing L-fucose, which is the reaction product of the enzyme. Production of the enzyme was also slightly induced by D-arabinose, but not by other sugars including glucose. To efficiently produce the enzyme, the fungus was grown in a glucose mediumat first, and then the growing mycelia were transferred to an inducing mediumcontaining only L-fucose.
and Bacillus fulminans.1) However, microbial enzymes show a narrow aglycon specificity: they require a specific linkage, the a-(l->2) type, and do not hydrolyze the artificial substrate, /?-nitrophenyl a-L-fucoside. This is why it is difficult to purify and use microbial a-Lfucosidases, although they are worthy of investigation for serological studies.
Recently, we found that a novel a-Lfucosidase was produced in the culture fluid by Fusarium oxysporum S252, which was isolated from a soil sample by screening with sludge hydrolyzate medium.8) The enzyme can easily hydrolyze the synthetic compound, /?-nitrophenyl a-L-fucoside. Moreover, production of the enzyme in the culture fluid was highly induced by L-fucose which is the reaction product of this enzyme. The present paper deals with the induction of the a-L-fucosidase of Fusarium oxysporum, and the purification and some properties of the enzyme.
MATERIALSAND METHODS
Microorganism. Fusarium oxysporum, strain S252, which was isolated from a soil sample as an a-L-fucosidase producer, was used throughout this investigation.
Cultivation. The fungus was cultured in a liquid medium consisting of 0.5% carbon source, 0.5% peptone, 0.5% yeast extract and 0.5% NaCl, pH 7.0. Cultivation was carried out at 28°C with shaking.
Induction of oc-L-fucosidase. The fungus grown on a mediumcontaining glucose as the carbon source for 2 days was collected by filtration and washed twice with 20mM
Tris-HCl buffer (pH 8.5), and then suspended in an inducing medium comprising 20 mM Tris-HCl buffer (pH 8.5) containing L-fucose to a cell concentration of 40~50 mg/ml. The flask was incubated for 24hr under the same conditions as for the cultivation.
Enzymeassay. a-L-Fucosidase activity was determined with/7-nitrophenyl a-L-fucoside as a substrate. The enzyme solution (10 to 20./d) was added to 0.25ml of 2mM substrate dissolved in 50mMsodium citrate buffer (pH 4.5), and then the reaction mixture was incubated at 37°C. After incubation for an appropriate time, 1.75ml of 0.2m sodium borate buffer (pH 9.8) was added to stop the reaction. The /?-nitrophenol released was determined at 400 nm. One unit of the enzyme was defined as the amount which liberated 1 /miol ofp-nitrophenol per min under the assay conditions. Materials. /7-Nitrophenyl derivatives of sugars, 4-methylumbelliferyl a-L-fucoside and L-fucose were purchased from Nakarai Chemicals Ltd. DEAE-Sephadex A-50, and Sephadex G-200 and G-100 were the products of Pharmacia Fine Chemicals. Porcine gastric mucin was obtained from Nakarai Chemicals Ltd. Fucoidan was obtained from Sigma Chemicals Co. All other chemicals used were of analytical grade.
Analyses. Protein was determined by the method of Lowry et al.9) The protein content, on column chromatography, was determined by measuring the absorbance at 280nm. The amount of free fucose was determined by the microdiffusion method10) with a Conway chamber. Ultracentrifugation analysis of the enzymewas performed with a Spinco model E ultracentrifuge. The culture was carried out in a 2-liters shake flask containing 500ml of medium at 28°C on a reciprocal
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sucrose, although good growth of the fungus on these carbon sources was observed except for D-fucose, which was only slowly utilized by the fungus. (x-L-Fucosidase production in culture medium with added L-fucose
The time-course of a-L-fucosidase production was examined in a mediumcontaining 0.5% (30mM) L-fucose as the carbon source.
As shown in Fig. 1 , the enzyme activity increased with the growth of the fungus, and after 3 days cultivation, both the activity and the mycelial weight had become almost constant. The pH of the medium continuously increased with the growth of the fungus. The levels of fungal growth at different stages were almost the same as those when the fungus was grown in glucose medium(data not shown).
For further examination of a-L-fucosidase production, the effect of the L-fucose concentration of the medium on enzyme production was investigated after 5 days-cultivation. The enzyme activity linearly increased with increasing L-fucose added to the medium until 2%, as shown in Fig. 2 . However, the addition of above 2%L-fucose to the mediumcaused a decrease in the enzyme activity. On the other hand, the addition of D-arabinose as the carbon source to the mediumgave a low level of a-L-fucosidase production. ing to have been taken up into the cells. Figure   4 shows the effect of the L-fucose concentration of the inducing medium on a-L-fucosidase production.
The amount of a-L-fucosidase production decreased with increasing L-fucose concentration, higher than 0.2%.
Purification of oc-L-fucosidase induced by lfucose
Purification was carried out by the following procedure. After 2 days cultivation in 2 liters of 1% glucose medium, the culture broth of F. oxysporum was filtered through filter paper and the mycelia obtained were washed three times with 20mMTris-HCl buffer (pH 8.5) on a Buchner funnel. The washed mycelia were suspended in 2 liters of the inducing medium containing 0.2% L-fucose to a cell concentration of 40~50mg/ml. The suspension was incubated for 24 hr at 28°C with shaking. After the incubation, the mycelia were removedby filtration and centrifugation (10,000x g, 10 min), and the supernatant was used as the crude enzyme preparation.
The culture filtrate (1,840ml) as the crude enzyme preparation was concentrated by ultra filtration, and then the concentrated enzyme solution was dialyzed overnight against 10 mMpotassium phosphate buffer (pH 7.0) in a cold room. The following operations were carried out at around 5°C. The dialyzed enzyme solution was charged on a DEAESephadex A-50 column (3.7 x 18 cm) previously equilibrated with 10mMpotassium phosphate buffer (pH 7.0). The column was thoroughly washed with the same buffer and then the adsorbed enzymewas eluted from the column with a linear gradient of NaCl, 0 to 0.5 m, in the same buffer. The active fractions (eluted with about 0.25m NaCl) were pooled and concentrated by ultra filtration. The concentrated enzymesolution wasapplied to a Sephadex G-100 column (2.2 x 120cm) previously equilibrated with 10 mMpotassium phosphate buffer (pH 7.0) and then eluted with the samebuffer. Fractions containing enzymeactivity were pooled and concentrated by ultrafiltration.
The results of the enzyme purification are summarized in Table I . The enzyme was purified about 25-fold with a recovery of 45%.
Purity and molecular weight of the enzyme
The purified enzyme migrated as a single protein band on polyacrylamide disc gel electrophoresis, and the position of the protein band coincided with that of the bands of activity detected in a gel incubated with 4-methylumbelliferyl a-L-fucoside and a sugarstained gel (Fig. 5) . The enzyme seemed to be a glycoprotein. The purified enzyme showed a single and symmetric peak in the sedimentation pattern on analytical ultracentrifugation. The molecular weight of the enzyme was estimated to be about 75,000 by gel filtration on a Sephadex G-200 column. SDS-Polyacrylamide gel electrophoresis gave a single protein band corresponding to a molecular weight of about 75,000. The enzyme seemed to consist of a single protein.
Effects of pH on the activity and stability of the enzyme The pH dependence of the enzyme activity is shown in Fig. 6a . The enzyme showed maximumactivity in the pH range of4.5 to 6.0. The residual activity of the enzymewas examined after keeping it at various pHs at 4°C for 46 hr. (a) The enzyme activity was assayed in lOOniMbuffers of various pHs under the standard conditions. (b) The enzyme was pretreated at 4°C for 46hr in 500raM
buffers of various pHs, followed by assaying of the remaining activity under the standard conditions. Buffers: O, sodium citrate-HCl; #, sodium citrate-citric acid; 3, potassium phosphate; A, Tris-HCl; A, glycineNaOH; Q, borate-NaOH.
activity was remarkably lost below pH 4.0 and above pH 10.5.
Effects of temperature on the activity and stability of the enzyme
The enzymeshowed the highest activity at 60°C under the standard assay conditions. The residual activity of the enzyme was examined after preincubating it at various temperatures for lOmin. The enzymewas stable at temperatures below 45°C but it was completely inactivated at 65°C.
Effects of various substances on the enzyme activity The effects of various metal ions and SHreagents on the enzymeactivity were examined by preincubating the enzyme with the substances at 37°C for 15min, followed by assaying of the residual activity. Only Hg2+ completely inhibited the enzyme activity at a concentration of 1 mM,the other metal ions tested ( Effect of the substrate concentration The effect of the substrate concentration on the enzyme activity was examined with pnitrophenyl a-L-fucoside as a substrate. The
Michaelis constant was calculated to be 0.48 mMfrom a Lineweaver-Burk plot. Effect ofh-fucose on the enzymeactivity When 5 niM L-fucose was added to the standard assay mixture, the activity was inhibited about 90%. L-Fucose seemed to be a competitive inhibitor with /?-nitrophenyl a-Lfucoside and the Ki value was estimated to be 0.12mM (Fig. 7 ). D-Fucose had no effect on the enzymeactivity.
Substrate specificity The purified enzyme was assayed as to other glycosidase activities by using appropriate p- The liberation of fucose by the enzyme from naturally occurring substrates was investigated using porcine gastric mucin and fucoidan. The time-courses of hydrolysis are shown in Fig. 8 .
The reactions appeared to proceed linearly for 8hr.
DISCUSSION
The results presented in this paper indicate that the extracellular a-L-fucosidase of Fusarium oxysporum is a typical inducible enzyme, which is induced by L-fucose. This extracellular enzymewas considered to be synthesized de novo because the enzyme production was inhibited by cycloheximide (data not shown). It is well known that the /?-D-galactosidase of Escherichia coli, which is an intracellular enzyme, is effectively induced by lactose, but only slightly by galactose. The a-Lfucosidase of F. oxysporum was effectively induced by L-fucose, which is not the substrate but the product of this enzyme. Some papers on extracellular glycosidases of eucaryotes reported that the reaction products of the enzymes seemed to induce the enzyme production.15 '16) The enzyme was also slightly induced by darabinose, which lacks the methyl residue of lfucose at the C-5 position. This seems to suggest that the methyl residue plays some role in the induction of the enzyme.
The amount of induced a-L-fucosidase increased proportionally with the concentration of added L-fucose in the range of0 to 2%, over which the enzyme production decreased with increasing L-fucose concentration. On the other hand, when the glucose-grown fungus was transferred to the inducing medium, the maximal enzyme production was found at about 0.2% added L-fucose. Although we could obtain a higher amount per ml of the enzyme in 2% L-fucose medium than on the transfer of glucose-grown fungi to 0.2% L-fucose medium, with the latter we could obtain a culture filtrate with a higher (more than eight-fold) specific activity, because contaminating protein-like substances produced during the growth of the fungus in glucose mediumwere removedon the transfer of the fungus to the inducing medium. So, we could purify the enzyme to a homogeneous state by a very simple procedure involving only three steps with a high yield. indicate that the Fusarium enzyme may be able to replace these enzymes, although its detailed specificity is under investigation. Because of its simple preparation, the enzyme will be useful as one of the analytical tools for elucidating the structures of complex carbohydrates and oligosaccharides.
